Brain and retinal vascular endothelial cells with extended life span established by ectopic expression of telomerase.
To study blood-retina barrier (BRB) regulation, we sought to establish neuronal microvascular endothelial cells (ECs) with expanded life span by ectopic expression of the human telomerase gene (hTERT). Primary cultures of human brain and bovine retinal microvascular endothelial cells (HBECs and BRECs, respectively) were transfected with the catalytic component of human telomerase human telomerase reverse transcriptase (hTERT), and colonies were selected with puromycin. The endothelial origin of these cells was confirmed by immunocytochemistry. Reconstituted basement membrane matrix and three-dimensional collagen gel were used to induce the formation of tubulelike structures. To assess endothelial permeability, ECs were cultured on the upper chamber of migration assay membrane filters, with or without astrocyte coculture. Transepithelial electrical resistance (TER) was measured using a voltohmmeter. Both bovine retinal and human brain microvascular ECs expressing hTERT resembled young primary ECs in their morphology and growth response after more than 100 population doublings. Both bovine and human hTERT cells expressed von Willebrand factor, a key marker distinguishing ECs from other cell types; formed angiogenic webs in reconstituted basement membrane matrix; and, in a VEGF-dependent manner, formed tubule-like structures in three-dimensional collagen gel. Coculture of both types of cells with astrocytes resulted in a decrease in EC permeability, as assessed by TER. VEGF induced the breakdown of the HBEC monolayer barrier, and astrocytes in coculture appeared to attenuate the effects of VEGF. Ectopic expression of hTERT enables adult HBECs to bypass the first mortality checkpoint but not the second mortality checkpoint, allowing generation of neuronal ECs with extended, but not indefinite life span.